The purpose of the current study was to evaluate the performance of two laboratory light polymerization systems used to polymerize an indirect composite (Sinfony) . A two-step polymerization system (Visio-Alfa and Beta) and a halogen-metal halide unit (Twinkle MIII) were assessed. The composite was polymerized either with the Visio units or with the MIII unit for different exposure periods. Knoop hardness, water sorption, and solubility in water of the composite polymerized with the following modes were determined: Visio, 15 minutes; MIII, 30, 60, 90, 120, and 180 seconds. Extension of light exposure time to the MIII unit improved the hardness of the composite from 30.5 (30 s) to 40.7 (180 s) , whereas hardness obtained with the Visio units resulted in 24.8 (15 minutes) . Water sorption and solubility of the composite were greater when it was polymerized with the Visio units than with the MIII unit.
INTRODUCTION
The use of indirect composites for restorations and partial dentures has increased substantially, probably due to vast improvements in the mechanical and handling properties of the material1-9). A large majority of indirect composite restorations are currently processed using a laboratory light-polymerizing unit. Properties of materials are therefore affected by both the type of polymerizing system and the polymerization condition10-14) . In addition, the postpolymerizing properties of indirect composites are affected by material shades5'16) Presence of excessive unpolymerized monomer in the matrix negatively affects the properties of composite materials, and may induce surface degradation, discoloration, and wear of veneering agents.
Hardness, water sorption, and solubility in water are related to the conversion of monomers contained in the composite. It is therefore desirable as much as possible to reduce unreacted monomers in a composite material to facilitate longterm clinical success of the prosthodontic treatment. A new laboratory light-polymerizingunit equipped with a metal halide and two halogen light sources was recently developed17) . The unit exhibited improved curing performance, especially in depth of cure of indirect composites as compared to other polymerizing units.
Although manufacturers of indirect composites recommend the use of proprietary polymerizing units for laboratory polymerization, limited information is available about the post-cure properties of composite materials processed with different light sources18,19) .
This study determined the hardness, water sorption, and solubility in water of a representative indirect composite material with a view to evaluating two different laboratory polymerization systems.
MATERIALS AND METHODS
A light-activated composite material developed for indirect restorations (Sinfony, 3M ESPE AG Dental Products, Seefeld, Germany) was employed. The Sinfony composite was composed of approximately 50 wt% aliphatic and cycloaliphatic monomers, and 50 wt% aluminum glass and silica fillers with average particle size of 0.6 um4) . As for the three property tests, E3 shade for enamel material was used.
Two laboratory polymerizing systems were assessed. One system consisted of two light polymerizing units (Visio-Alfa and Visio-Beta Vario, 3M ESPE AG Dental Products) , each of which was used separately for polymerizing the Sinfony composite.
The other system was a multi-purpose laboratory polymerizing unit equipped with a high-intensity metal halide lamp as well as two halogen lamps (Twinkle MIII, Toho Dental Products, Saitama, Japan) . Information about the material, polymerizing systems, and polymerization conditions is summarized in Table  1 . For comparative assessment of polymerizing system performance, the composite material specimens were prepared by means of two different laboratory polymerizing systems.
Knoop hardness, water sorption, and water solubility were then determined.
The material paste was packed into a glass mold with a cylindrical opening (10 mm in diameter X 10 mm in height) , covered with a piece of glass plate (0.12-0.17 mm thickness, Micro Cover Glass, Matsunami Glass, Osaka, Japan) , and placed in each polymerizing unit. Polymerization was performed according to the following six schedules: 1) Visio-Alfa, 15 seconds and Visio-Beta Vario, 15 minutes;
2) Twinkle MIII, 30 seconds; 3) Twinkle MIII, 60 seconds; 4) Twinkle MIII, 90 seconds; 5) Twinkle MIII, 120 seconds; and 6) Twinkle MIII, 180 seconds. After light exposure, glass plates were removed, and specimens were wet-ground with a series of silicon carbide (SiC) papers, followed by polishing with felt and alumina (0.3um, Baikalox 0.3CR, Baikowski International Corp., Charlotte, NC, USA) . Each specimen was stored in water at 37°C for 24 hours, and Knoop hardness number (KHN) was determined at the top surface using a universal indenter (Micro Hardness tester, Akashi Ltd., Yokohama, Japan) after applying a load of 25 g for 30 seconds.
The material paste was also packed into a plastic mold with a disk-shaped opening (15 mm in diamet er X 1 mm in height) , covered with two pieces of transparent glass plate, and polymerized with each apparatus.
After polymerization, water sorption and solubility were determined according to the method described by the International Organization for Standardization (ISO 10477) 20) . Distance from the light source to the specimen surface was approximately 10 mm for the Visio-Alfa unit, 40 mm for the VisioBeta Vario unit, and 80 mm for the MIII unit.
Specimens were divided into six groups according to the combination of laboratory polymerizing system and total exposure time: Group 1 (Visio) , Group 2 (MIII, 30 s) , Group 3 (MIII, 60 s) , Group 4 (MIII, 90 s) , Group 5 (MIII, 120 s) , and Group 6 (MIII, 180 s) . Statistical analysis was carried out using SPSS software (Version 12.0.2 for Windows, SPSS Inc., Chicago, IL, USA) . Mean values and standard deviations of five specimens were calculated for six groups of three property tests.
The results were primarily analyzed by Levene test for evaluation of equality of variance.
When the results of the Levene test showed homoscedasticity, Dunnett t test was further performed with statistical significance set at p = 0.05.
RESULTS
Levene tests run on the experimental results showed p-values greater than 0.05 for all property tests, i.e., 0.544 for Knoop hardness number, 0.123 for water sorption, and 0.609 for solubility.
Results of the three property tests were therefore analyzed by Dunnett t tests in which results obtained from the Visio system were used as the control.
The results of Dunnett t tests are summarized in Table 2 . Fig. 1 shows the hardness testing results. When exposure time to the MIII unit was extended, hardness of the composite material also improvedalthough these values were not statistically analyzed. Lowest hardness number (24.8) was recorded when the proprietary polymerizing system (Visio-Alfa and Beta) was used. Hardness of the Sinfony composite after light exposure to the Visio system for more than 15 minutes (24.8) was statistically inferior to that recorded after 30-second light exposure to the Twinkle MIII unit (30.5) . Fig. 2 shows the water sorption results of the six groups.
Water sorption of the Sinfony composite was maximal when the material was light-exposed to the Visio system (25.6ug/mm3, p< 0.05) . The remaining five groups polymerized with the MIII unit showed water sorption ranging from 18.5 to 19.6ug/ mm3. Fig. 3 system (3.1ug/mm3) than when it was polymerized with the MIII unit for 180 seconds (2.0ug/mm3, p= 0.039) . No significant differences in solubility value was found between the two polymerizing systems, when exposure time to the MIII unit was 120 seconds or shorter.
DISCUSSION
Hardness of a polymerized composite is affected by many factors, such as filler loading, material shade, type and conversion of monomers incorporated in the matrix, and the polymerizing unit12,14-16,18,19) Considering the fact that restorations and prostheses are seated shortly after fabrication or repairing, specimens for hardness testing were stored in water prior to hardness testing.
The Knoop hardness number of the Sinfony material polymerized with the proprietary unit was 24.8, although the material was light-exposed for more than 15 minutes. Slow polymerization may be effective in reducing undesirable internal stress associated with polymerization shrinkage. In addition, the advantage of slow polymerization is applicable to restorations with the understanding that double bond conversion inside the matrix is unaffected by slow polymerization, and that post-cure double bond conversion is equivalent to that obtained from quick polymerization.
Unfortunately, in the current experiment, the Sinfony composite polymerized with the proprietary Visio system yielded the lowest Knoop hardness number. Substantial improvement in light intensity may be necessary for the Visio system especially for the Visio-Beta Vario unit, although the Beta unit was equipped with a unique structure for minimizing the negative effect of oxygen.
Furthermore, distance between light source and material as well as wavelength distribution in relation to the type of initiator should be taken into consideration when work is done to improve the curing performance of the Visio polymerization system.
Knoop hardness number of the Sinfony material polymerized with the MIII unit was 30.5 or moresignificantly greater than that recorded when polymerized with the Visio system (24.8) . Considering the observation that a 30.5 KHN value was obtained with the MIII unit after an exposure time as short as 30 seconds, it is reasonable to interpret that double bond or monomer conversion when exposed to the Visio system was not particularly high. According to Kakaboura et al.4) , double bond conversion of Sinfony and another material analyzed with infrared spectroscopy was 66 and 80% respectively.
Therefore, it may be more beneficial to use other units to polymerize the Sinfony composite with reduced polymerization time and increased monomer conversion rate.
Water sorption of a composite material is influenced by many factors too, such as polarity and conversion of matrix, and polymerization method10,18,19) The Sinfony composite contains aliphatic and cycloaliphatic monomers, which do not contain hydroxyl or other hydrophilic groups4) . Water sorption of the Sinfony composite polymerized with the Visio system (25.6 ,ug/mm3 ) was greater than that of the Dentacolor composite (Heraeus Kulzer Inc., Wehrheim, Germany) polymerized with the Dentacolor XS unit for 120 seconds (16.6 ,ug/mm3)18) Since the matrix of the Dentacolor composite is based on a urethane dimethacrylate, which is considered to be more hydrophilic than the aliphatic and cycloaliphatic monomers, it is difficult to explain the greater water sorption of the Sinfony material based on the difference in monomer composition between the two composites.
Further, the result of the current study showed that water sorption of the Sinfony material was greatest when the material was polymerized with the Visio system. On the other hand, water sorption of the Sinfony composite was significantly reduced when the material was polymerized with the MIII unit (18.5-19.6 ug/mm3) . The result again supported the hypothesis that the curing performance of the Visio-Beta unit was insufficient to polymerize the Sinfony composite.
Statistical analysis revealed that solubility of the Sinfony material was significantly greater when polymerized with the Visio system (3.1 ,ug/mm3) than when polymerized with the MIII unit for 180 seconds (2.0,ug/mm3, p=0.039) . The results suggested that the amount of unpolymerized monomers remaining in the Sinfony material (or eluted monomers) was greater when polymerized with the Visio system than when polymerized with the MIII unit for 180 seconds.
Distance between the light source and the specimen to be polymerized is an important factor that influences monomer conversion and post-cure properties. Leloup et al.21) reported that the conversion of a composite restorative material (Pertac II) was considerably affected when the material was lightexposed with a hand-held apparatus (Eliper Highlight) at 2.0 mm distance, whereas it was hardly affected when the distance was 1.0 mm or less. Abate et al.22) reported that the hardness of a composite (Tetric Flow) polymerized with a light-polymerizing apparatus (XL 2500) was considerably decreased when the distance between the material and light source was 1 mm or more. It is difficult to reduce the distance between the material and light source for indirect composites because the material is usually polymerized in a box-shaped laboratory light polymerizing unit.
As shown in the present study, specimens polymerized with the MIII unit exhibited better properties than those polymerized with the Visio units, although the distance between specimen and light source was higher for the MIII unit.
The difference was probably attributable to the energy of the light source. Hence, care should be taken to reduce as much as possible the distance between material and light source in laboratory polymerization of indirect composites.
Results of hardness, water sorption, and solubility in water clearly manifested the performance of the two polymerization systems. Although further evaluation should be done by including additional systems such as the heating oven, it would be beneficial to both clinicians and patients to improve the monomer conversion of composite materials, so as to promote complete curing and thereby to achieve satisfactory prosthodontic results.
CONCLUSION
Within the limitations of the current experiment, the use of the Twinkle MIII halogen-metal halide unit is 
